In an attempt to clarify the mechanism of LDH protein reaction with FMN, amino acid residues in the protein moiety such as histidine, arginine, tyrosine and tryptophan were chemically modified so that their effects on LDH activity and FMN reaction could be in vestigated. Although it was recognized that histidine and arginine residues participate in the catalytic action, and that these residues exist at the binding site of coenzyme and .substrate, no reaction of FMN with these residues was noted. LDH was slightly inactivated when tryptophan residue was modified, but inhibition of this activity was completely prevented when FMN was allowed to react with zymoprotein in advance. As is true with native LDH, LDH with a modified histidine residue or tyrosine residue reacted with FMN, but LDH with a modified tryptophan residue did not so react. It was therefore shown that the tryptophan residue of native LDHM4 zymoprotein reacts with FMN. Key Words lactic dehydrogenase M4 isozyme, FMN, arginine, histidine, tryptophan, tyrosine, 2,3-butanedione, diethyl pyrocarbonate, tetrani tromethane, diethyl (2-hydroxy-5-nitrobenzyl) sulfonium bromide
The authors previously reported (1) that LDHM4 isozyme extracted from rat skeletal muscle reacts with either FMN or FAD. In the reaction of the reduction system generating lactate from pyruvate, enzymatic activity was activated when LDH was combined with FMN or FAD. In this paper, the results of our studies on the reaction of FMN with various amino acid residues contained in zymoproteins are discussed in order to clarify the interaction between LDHM4 isozyme and FMN.
Amino acid residues contained in LDH zymoprotein were chemically modified in an attempt to investigate the activity of this modified enzyme and to compare it to FMN. Furthermore, the enzyme with modified histidine, tyrosine and tryptophan residues was allowed to react with FMN, and a reaction mixture was isolated by K 
1) Inactivation and retention of activity by chemical modification
The LDH was markedly inactivated when arginine residues were modified with 2,3-butanedione. This inhibition was reduced by 50% when NADH was added prior to reaction, and also by 50% when the addition was made in the course of the reaction (after 20min). Approximately 90% of the activity was retained by allowing sodium oxamate and NADH to coexist prior to the reaction (Fig. 1) . The data on the trend of decline of the activity in Fig. 2 are plotted with the number of moles of the modified arginine residues as abscissa and the inhibition ratio as ordinate . This figure indicates that two arginine residues are essential to the activity of LDH when either NADH or sodium oxamate alone was present in the reaction system in advance. The activity of enzyme incubated in the reaction system was almost completely retained when NADH and sodium oxamate coexisted (Fig . 3) . In other words, these phenomena indicate that the histidine residues participate in the catalytic action. When the declining rate of the activity corresponding to the number of modified histidine residues in the protein moiety was studied in the same manner as shown in Fig. 2 , it was recognized that a single histidine residue proved to be essential to the activity (Fig. 4) .
Although it is not shown in the figure, the LDH was inhibited by about 60% when tyrosine residues in LDH were modified with tetranitromethane. However, the inhibition was weaker, and the activity was almost unaffected by tetranitro methane at different concentrations. No effects of protection against this inhibi tion were exhibited by NADH and sodium oxamate. Thus, no tyrosine residues participated in the enzyme activity. The LDH was inhibited when arginine, histidine and tyrosine were modified with 2,3-butanedione, diethyl pyrocarbonate and tetranitromethane, and the LDH activity was not at all affected by FMN and FAD previously added to the reaction system. This indicates that neither FMN nor FAD is related to the amino acid residues.
LDH was inhibited when tryptophan residues were modified with DHN-SB, but this inhibition was weak, at a level of approximately 20%. Similar results were obtained when two buffer solutions of phosphate and triethanolamine were used instead. Nonetheless, the activity of LDH bonded to FMN was not inhibited at all by the addition of DHN-SB. Therefore, the inhibitory effects on DHN-SB on the LDH activity were completely prevented because of the presence of FMN (Fig. 5) .
2) Reaction of chemically mod fled LDHM4 isozyme with FMN
In an attempt to determine which one of the amino acid residues of the LDH zymoprotein combines with FMN, LDH with various kinds of modified amino acid However, since the presence of FMN does not affect the inhibition of the activity at all, both arginine and histidine residues are conceivably unrelated to FMN. On the other hand, it is also conceivable that tyrosine residues modified with tetranitro methane do not participate in the LDH activity. In our previous report (1), we referred to a hypothesis that aromatic amino acids may be related to the bonding between FMN and LDHM4, but the existence of FMN did not in the least affect the inhibition caused by tetranitromethane. Thus, it is presumable that tyrosine residues in LDH protein do not participate in the binding with FMN. The LDH was inhibited by about 20% when the modification was performed with DHN-SB, and this indicates that tryptophan residues are not directly related with LDH activity. Nevertheless, no inhibition was caused by DHN-SB in LDHM4 protein-bound to FMN. Therefore, it may be concluded that FMN is significantly protective against the inhibition caused by DHN-SB. As was described in the previous report (1), the LDH activity was activated by about 45%, but it was also activated when FMN was added to the enzyme with the modified tryptophan residues. In our current experiments in which the enzyme with the modified amino acid residues was allowed to react with FMN, it was evidenced that both LDH with modified histidine residues and LDH with modified tyrosine residues were favor able to FMN. These results corresponded to those expected for the reaction of native LDHM4 and FMN, although they indicate that histidine and tyrosine resi dues are not concerned with the bonding between LDHM4 and FMN. However, as shown in Fig. 6B , the modified enzyme was not bound to FMN at all when LDH with tryptophan residues modified with DHN-SB was allowed to react with FMN. Thus, it may be interpreted that FMN was not combined since trypto phan residues in LDHM4 protein were blockaded with DHN-SB. It was therefore suggested that FMN was bound to tryptophan residues in LDHM4 protein. In view of the results obtained by visible ray absorption spectrum and fluorescence spectrum analysis of FMN, it was indicated that FMN had nothing to do with hydrophobic groups such as aromatic residues of LDH, and this corresponds to the results which we obtained.
